SUMMARY Three patients with acute lymphatic leukaemia developed visual impairment due to occlusion of small retinal vessels with multiple cotton wool spots after treatment which included whole body and skull irradiation followed by bone marrow transplantation and cyclosporin A. Withdrawal of cyclosporin A and treatment with corticosteroids was followed by recovery of visual acuity. This retinopathy and the retinal changes seen in the immunodeficiency syndrome are thought to be closely related. The possible role of cyclosporin A is discussed, though cotton wool spots and retinal haemorrhages have never been described in renal transplant patients during treatment with this drug. Withdrawal of cyclosporin A, which is highly effective in preventing graftversus-host disease, can be fatal. Irradiation of the skull prior to bone marrow transplantation and intrathecal administration of methotrexate may be the most important factors causing the retinal ischaemic signs described here. The inclusion of an ophthalmologist in the team monitoring. transplant patients would lead to increased documentation and a better understanding of this disease.
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We have recently seen three patients who developed severe visual loss two to three months after bone marrow transplantation. The ophthalmoscopic substrate of this visual loss was a disseminated multifocal ischaemic retinopathy with extensive cotton wool patches and retinal haemorrhages. All three patients had received irradiation to the head in addition to whole body irradiation and had been treated with cyclosporin A to prevent graft-versus-host disease.
The heavy maintenance immunosuppression which patients with bone marrow grafts receive suggests a possible connection between this retinopathy and that observed in the 'immunodeficiency syndrome.' However, to the best of our knowledge multifocal ischaemia of the retina with multiple cotton wool spots has not yet been reported as a complication of bone marrow transplantation. before, 10 mg/kg on the day of transplantation, then 5 mg/kg for 11 days, 600 mg by mouth for four weeks, later reduced to 450 mg per day. The dose of cyclosporin A was reduced when the serum creatinine increased slightly and oedema of the face developed.
Eye disease. A complete eye examination performed on 26 February 1982 prior to bone marrow transplantation was normal. Three months after bone marrow transplantation the patient noted hazy vision in the right eye. A subsequent eye examination on 6 September 1982, three months after bone marrow transplantation, showed the following: Visual acuity RE 0-7-0-8 partially unaided, LE 0-8-1*0 partially unaided. With the Amsler grid a paracentral scotoma below was shown on the right side; the left eye was normal. Pupil reactions were normal. Round the disc and the macula multiple typical cotton wool spots and some haemorrhages in the nerve fibre layer were found. No sheathing of vessels and no cells in the vitreous could be found.
The patient's general health at this time was good. Blood pressure measurements were always normal apart from a single reading of 160/90 mmHg in February 1982. Hb 10-1 g/dl, leucocytes 2-6x109/l, normal differential count, thrombocytes 168x109/l. There was no evidence of platelet dysfunction at this stage. Two and a half weeks later her visual acuity decreased over the course of a few days and on 29 June was RE 0-05, LE 0-2-03. Amsler grid: patchy central scotoma on the right and a large scotoma below fixation on the left. Fundus examination showed a great increase in the number of cotton wool spots, which were becoming confluent (Figs. la, b) , and more intraretinal haemorrhages were evident. The arterioles were narrow, the veins dilated. Goldmann fields showed: paracentral scotoma in both eyes for I2, 13, and 4. Therapy with cyclosporin A was stopped, and prednisone 100 mg/day was given for 14 days, then in lower doses. In the following weeks the cotton wool patches regressed slowly and the scotomas in the Amsler grid disappeared, though fine retinal folds and some hard exudates were still visible at the right posterior pole. Six weeks after the patient started treatment with steroids her visual acuity RE was 07, LE 0 9 (Figs. 2a, b) .
Follow-up. The patient remained well until the end of January 1983, when paraesthesiae developed in the left arm. On 3 February the patient was admitted to hospital after the onset of a left temporal sensory hemisyndrome 1 to 2 days previously. Neither a CT scan nor an electroencephalogram (EEG) showed any definite abnormality. A sensory Jacksonian-type epilepsy was suspected. Vascular disease, such as a cortical vein thrombosis, and leukaemic infiltration were considered as possible causes. Primary disease. Acute lymphatic leukaemia, Calla positive, was diagnosed in April 1981. Riehm's induction therapy with vincristine, prednisone, daunorubicin, L-asparaginase, cyclophosphamide, mercaptopurine, and cytarabine was given. In May 1981 irradiation of the skull with 2400 rads was performed. Methotrexate was given intrathecally. Despite maintenance therapy with methotrexate and mercaptopurine the patient relapsed in September 1981. Again induction with vincristine, prednisone, and doxorubicin (Adriamycin) was followed by maintenance therapy with doxorubicin, vincristine and cyclophosphamide. After treatment with cyclophosphamide 60 mg/kg body weight for two days whole body irradiation with 1000 rads and bone marrow transplantation were performed on 27 February 1982. To prevent graft-versus-host disease cyclosporin A at a dose of 20 mg/kg body weight was given the day before transplantation, 10 mg/kg on the day of transplantation, and for four days thereafter, followed by 5 mg/kg for three days, then a reduction to 200 mg/day. From the 41st day 800 mg/day was given orally.
Eye disease. An with 1000 rads and bone marrow transplantation were performed on 17 September 1981. To prevent graft-versus-host disease cyclosporin A was given 20 mg/kg body weight the day before transplantation, then 10 mg/kg for four days starting on the day of transplantation, then 5 mg/kg for 14 days, 700 mg/day orally.
Eye disease. An eye examination 11 days before bone marrow transplantation showed normal findings. The visual acuity was RE 1*0, LE 1-0 unaided.
On 9 December the patient noted visual disturbance and examination revealed a visual acuity of RE 0-4, LE 0-1. Large cotton wool spots and haemorrhages were seen in the fundus of both eyes. One day later both eyes showed multiple cotton wool spots, small haemorrhages, and a Cellophane maculopathy, while in the LE the retina above the papillomacular bundle was oedematous and swollen, giving the appearance of a branch arterial occlusion. In the macula a small serous detachment had appeared.
Visual field examination on 13 January showed a field defect corresponding to this lesion. There was no evidence of platelet dysfunction at this stage.
Follow-up. Cyclosporin A was stopped and prednisone 100 mg/day was given. After 14 days the dosage was reduced. The visual acuity was RE 0*8, LE 0-8. Clinically the patient was well and the bone marrow showed a full remission. Later he developed bronchopneumonia and fibrosing alveolitis (proliferative stage) and died on 10 February 1983. The necropsy showed no signs of a relapse of the acute leukaemia and no obstructive disease of the vessels in the kidney.
Eye at necropsy. A few fine cotton wool spots were visible in the parapapillary region of the right globe. Histology revealed the presence of cytoid bodies in both eyes (Fig. 3) , thus confirming unequivocally the clinical diagnosis of cotton wool spots.
Step-serial sections did not show any abnormality of the blood vessels supplying the areas of retina containing cotton wool spots, nor was there any evidence of retinal inflammation or infection.
Discussion
The cotton wool spots seen in our patients may be regarded as an expression of small vessel disease, the site of obstruction being at small arterioles, precapillaries, and/or in the capillary bed.
This clinical picture of bilateral cotton wool spots and retinal haemorrhages must be distinguished from the fundus appearance of partial central retinal artery occlusion.' The latter condition, which affected only one eye in each of the seven patients described,' is characterised by multiple peripapillary cotton wool spots and mild ischaemic swelling of the inner retina but almost complete absence of retinal haemorrhages. Furthermore all patients were suffering from either temporal arteritis, severe hypertension, or embolism.
The multifocal ischaemia of the retina which we describe here could have been caused by any one of a Fig. 3 Case3: Typical histological appearance ofa cotton woolspot: swellingofthe nervefibre layerand formation ofcytoid bodies. (Haematoxylin and eosin, x220) Unfortunately cyclosporin A was stopped in each of our cases as soon as retinopathy was recognised. We cannot therefore say whether these cases responded to steroids, which were started only when cyclosporin A therapy was stopped. However, it is important to note that the disease process in the retina was reversible. The lack of inflammation in the anterior segment and the complete absence of cells in the vitreous virtually exclude most viral infections. No foci of retinal necrosis, characteristic of cytomegalovirus infection, were seen, neither did the typical pale chorioretinal scars develop subsequently.
The most important ocular complication of graftversus-host disease affects the anterior segment,'10 where a condition resembling Sjogren's disease was first described by Gratwohl et al."1 None of our patients complained of dry eyes. Retinal changes suggesting microvascular disease have not been described in patients with graft-versus-host disease, and the occurrence of haemorrhages in the retina and vitreous probably reflects pancytopenia.'2 '3 Our patients were not anaemic and suffered neither from extreme arterial hypertension nor from hypotension. In none of the three patients was there any evidence that platelet deposition was occurring elsewhere in the body during the period over which the cotton wool spots developed. Nor were any signs of a coagulopathy detected suggesting that platelet dysfunction was not responsible for the retinal changes observed.
In conclusion, the cause of the multifocal retinal ischaemic disease in our three patients remains obscure. It is clearly desirable that all patients submitted to bone marrow transplantation should be examined by an ophthalmologist whether or not they are receiving cyclosporin A. A careful study of renal transplant patients should also be undertaken in an attempt to elucidate any connection between cyclosporin A and the development of retinopathy. 
